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Fioitre 1. A genorator of int^irnal 
voltaKO Et and intcirnal im|Hidanco 
Z, connected to a load Zt^. Tlui load 
volUi.go El, is easily tletorniiiiod by 
e(]uati()n (1). 
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OUTPUT SYSTEMS OF SIGNAL GENERATORS 

• INTRODUCTION. Re(*outly, the question of standardizing 
the output of dilTeront models of signal generator has become one of 
incn^jising im]>oHance. Measurements made using one type of signal 
generator fretpiently do not agree with those made with another type. 
While this lack of agreement does, on (wcasion, occur at fretiuencies in 
the standiird broadcast band, the cUfTerences are generally much more 
serioiLs at higher fretiuencies. The recent exteasive u.se of signal geneia- 
toi-s at frequencies above the standard broadcast band has brought 
about this demand for stamlardization. 

The differences in these measurements are generally caused by the 
differing output impedances of the generators. When a load (usually the 
in])at of a receiver) is comiected to the signal generator, the voltage 
apjieiiring at the generator terminals is not the open circuit voltage but 
is a value deteiTuined by the imiiedances of the generator and load as 
well as by the indicated open-circuit voltage. Furthennore, the leads 
connecting the gen(?rator ami load also affect the voltiige actually 
ajTplied to the device under test. C'onsequently, the load voltage can 
be d(‘.t<a'min(Hi from the indicated oix>n-circuit voltiige of the generator 
only if the generator imiicHlance, the load impedance, and the charac¬ 
teristics of the leads are known. 

Zero Source Impedance 

One appi-oiwii to this problem is to make these complicating effects 

negligible, ami to a ceitain ex- _ 

ti'iit this situation is achieved 
at low fretpiencies. At stjindard 
broatlcast frecjuencies and 
lower, no difficulty is experi¬ 
enced in making the cable con- 
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nectinf? the generator and the load so 
short, that tliere is no appreciable 
dilTerence l>etween the voltages at the 
generator end and the load end of the 
cable. Then, if the voltmeter in the 
generator is connected to measure the 
voltage at the generator terminaLs, thi.s 
measured voltage Ls also the voltage 
applied to the load. If tlie load imped¬ 
ance is changeil, tlie voltmeter will still 
read the voltage at the load. Since this 
arrangement neecis no correction of volt¬ 
age for the effect of load, it can be con¬ 
sidered to be a generator with a voltage 
source of magnitude equal to tliat indi¬ 
cated on the voltmeter at^ting in series 
with a zero source impedance. 

Generally, the direct measurement in 
the signal generator of voltages less tlian 
alx>ut one-tenth volt is neither conven¬ 
ient nor wonomically feasible. In order 
to work down to output voltages «>f one 
microvolt and even less, it is customary 
in low- and medium-frequency gener¬ 
ators to insert a l()w-impe<lance attenu- 
jitor lH'twt?en the voltmeter and the 
output tc‘rminals. 

Equivalent Source 

In c»rder to calculate the effects of the 
load on the voltage at the terminals of 
a .signal generator using this arrange¬ 
ment of voltage control, it Ls convenient 
to u.se the Th^venin-theorem approach 
and to represent the generator as a volt¬ 
age .source ‘i>ehind^' — i.e., in .series 
with — an imixMlunce. This equivalent 
voltagfi is the o])en-circuit voltage of the 
signal generator, and the equivalent im- 
I>edance is that seen looking into the 
system with the U^rminals at wliich the 
voltage is measured .short-<!ircuited. The 
signal generator is usually arrangeil to 
indicate the value of this equivalent 
voltage by a combination of the volt¬ 
meter n*miing and the attenuator set¬ 


ting. The ei|uivalent so\irce impcHlance Ls 
generally made as low as is practical, 
Ix'ing fre(|uently 10 ohms, or even less. 
At low and medium frequencies with 
these low im|)edance.s, it Ls frequently 
j)ossil)le to neglect the effect of the load 
on the output voltage and to assume 
that the tc^rmiual voltage is the open 
circuit voltage. In any case, it is rela¬ 
tively easy to detennine the correction 
for the load, as indicated in Figure 1, by 
the formula; 


El = 








01 


where Ej, = Load Voltage 
Ef = Source Voltage 
Zl = I.K)ad Iriqjedanc^ 
Zg = Source Impedance 


When the gt^nerator source im|KHiance is 
small compared to the load im|)edance, 
only an approximate value for the load 
imi)edance need be u.sed for the calcula¬ 
tion of load voltage. 


Dummy Antenna 

A signal generator with low source 
impedance, however, is not the complete 
answer even at low fretiuencies. For ex¬ 
ample, the adjiLstment of a receiver in¬ 
put .system to give maximum voltage 
sensitivity with a low-impedance signal 
generator will lead to the use of a high 
ratio transformer at the input with 
correspondingly high apparent voltage 
sensitivity. However, the actual sensi¬ 
tivity with a normal antenna will be 
much less than the measured value. 
There are several ways of avoiding this 
discrepancy between measured and ac¬ 
tual .sensitivities. Fundamentally, it Ls 
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desirable that the eflfective source ini- 
pc^dance of the generator l)e essentially 
the same as that of the energy source 
with which the device under test is to be 
used. 

One procedure for achieving this con- 
ilition is to add at the generator output 
terminals a series imi>edance of the value 
necessary to produce the desired source 
impedance. The standard dummy an¬ 
tenna adopted by the Institute of Radio 
Engineers for the medium and high fre¬ 
quencies is such a series imixxlance. Its 
value hi4s l)een selected to make the 
source im|>edance of the generator 
approximate that of a representative 
antenna. An impisJance network or a 
section of sjjecial attenuating cable is 
8f)metimes used when the simple .series 
arrangement is not practical. 

The relatively high impedance of the 
dummy antenna helps to mask the varia- 
tioas in generator output im|)edancc 
that are caa^sed by residual reactances. 
It also aids in i.solating the generator 
from the load to the extent that varia¬ 
tions in load impedance do not appre¬ 
ciably affect the voltage indicate<J by the 
signal-generator voltmeter. This isola¬ 
tion Is particularly helpful when the 
input imjxKlance of the device under test 
is to be adjusted during the course of the 
measurement, since the specifieil source 
impedance of the generator is base<J on 
maintaining the voltmeter reading con¬ 
stant for varying conditions of load (or 
at least correcting for the variations of 
the voltmeter reading). 

Loop Antennas 

Receivers using loop antennas are asu- 
ally treated in a manner that makes the 
loop antenna the source impedance or 
dummy antenna. In some cases the volt¬ 
age from the signal generator may l>e 
inserted in series with the loop. Then it 


important that the generator source 
impedance l>e small ;is compared with 
the loop antenna resisttmee. The pre¬ 
ferred arrangement iLses a small loop 
antenna connected to the signal genera¬ 
tor. This generaUir loop is .so placed as 
to couple to the receiving looj) antenna. 
In this case tlie generator output .sour<;e 
impedance is usually modifietl by .series 
resistance to yield a desired field inten¬ 
sity relatioaship at the receiving loop.* 

High-Frequency Effects 

At frerjuencii^s of 5 Me. and higher it 
is often impracitical to make the connec¬ 
tion lietween the signal getnerator and 
the device under test so short that it^s 
effect on the measurement can be neg¬ 
lected. Then the prf»blem of determining 
the terminal volUige becomes more in¬ 
volved. This determination can l)e made 
in a number of different ways, but it is 
frequently convenient to as.sociate the 
connecting cable with the signal gener¬ 
ator and then evaluate the characteris¬ 
tics at the load end of the cable in terms 
iii the open-circuit voltage and output 
impedance. When these characteristics 
are available, tlie voltiige at the tenni- 
nals of the load can be cletermined bv 
the simple relationship of Equation 1. 
where the end of the cable is taken as 
the generator terminals. 

In order to analyze the different typi¬ 
cal conditions that ixurnr as a result of 
the connecting (!al)lo, they can be sepa¬ 
rated into five specific arrangements, as 
.show n in Figure 2. In each case, the 
connecting cable is assume<l to have 
negligible loss and l)e a imiform trans¬ 
mission line of characteristic impedance 
Zq which is a pure real, that Is, resistive. 
Furthermore, the connecting fittings are 
assumed to l>e a uniform extension of 
the lin e. (For accurate measurements a 

‘W. O. SwutyaM, '‘.Measurement of LfX>p-Aiiteniui Re- 
oeivere," Proc. 20. 7. July. 1041. 
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with rii]) loads shimld not lx* used 
at fitxiUfiH’ios above about 5 inepi- 
eycles. 'Plie coaxial biting at the en«l of 
tlie cable must be conncH-ted diivctly to 
tlu^ chjussis of the device under t(*.st,) 
With a properly arranged set-up, tlu^se 
cotulitions are generally fultilh'd for all 
practical purposes. 

Line Matched At Both Ends 

1'he first arrangement, lal>eh*<i as I in 
Figure 2. Is readily iuialyml. The cal)le 
is tenuinated at both ends in a resistance 
eipial to the characteristic impe<iance 
of the line. In the fii-st of the two alter¬ 
native* situations, the cable* and g(*ner- 
at(»r smirce ini]iedance have been c.hos(*n 
to be alik(‘. In the second alternative, 
the source imi)edance of the g<*nerator 
has biK*n incit*a‘<e<l l)y the use of a series 
lesistor to a value espial t(» the charac¬ 
teristic imptMlance of the line. 'Fhe eait;- 
put system of the Type SOo-t* Signal 
(H'nerator is of this type* when us<*<I with 
the termination unit. The situation of a 
generator source imiK'dance larg(*r than 
that of the line is not often encounteretl, 
but the impcilance can be adjust(*d with 



a shunt lesistor to give a mat<*hed con¬ 
dition, in which ease* c<irre<’tion mu.st lx* 
ma<le for the voltage* drop <»f the com¬ 
bination of resistances. 

The termination at the loa<l end of 
the cal)l(* in this first arrangement 
matches the line, with the* r(*sult that the 
voltage ale)ng the* line is constant in 
magnitude but varying in ])hase. The 
impeelane*e .se*<*n le>e)king into the cable 
at the generator eiul is the e*haract4?rLstic 
im|K*dance e)f the cable, anil the voltage 
ap])earing at this e*nel of the cable Ls one- 
half tlie gene*rator veeltage*. This voltage 
is then transferre*el te» the* othe*r iMid of 
the cable without change in magnitude. 
Therefoie, the eepiivalent source voltage 
is one-half the generator voltiige, or 
Kt = Ea 2. The eijuivalent .source im- 
lanlance is readily seen to Ik? a parallel 
combination of a pro|)erly tenuinated 
line and a resistor eijual in vidue to 
the characteri.stic im|HHlance. The elTec- 
tive soun*e imjHxlance is eepial to one- 
half the charact4*ristic im|KHlance, or 
/, = Zo 2. 'fhis arrangement gives a 
source volt.age am I a sourci* imi)edance 
that is independent of fi-eipiency, cer¬ 
tainly a desirable (*ondition. In actual 
practice, however, I’esidual reactances 
in the geni*rator and the termination 
intriKluce a dependence on frequency. 
This l)ehavior is illiistrateil by the fn*- 
quency characteristic of the source 
im])edanc(* of the 'FYeK SOo-C' Signal 
Generator, shown in Figure 3. In this 
generator thi* g(*nerator imiHHhince is 
75 ohms, and the terminating resistor 
is 75 ohms. The corresponding source 
impedance is then 37.5 ohms at low 


Fiiu kk 2. St’liriimlic tliagnini.s of four ty|wM 
of gimrnilor out put .h^Ioiuk. ( V is tin* 
gi'iitmil wiHo. 
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fnM|ii(*ii(Mcs. The rcsiilual in(Juetuiice in 
the attenuator ami shunt eapaeitance 
in tile termination unit switeh cause the 
<leviations at liigli fro<|uon<‘ies from the 
lo\v-fre(|ueney value. For most applica¬ 
tions tile deviations shown are suffi- 
I'iently small that no correctioiLs for 
t hem ne(‘d he made. 

\Mule there is no standing wave on 
the conne<'ting cable with no loml on 
the out|)Ut for arrangement I, any load 
will alter the condition of proyier termi¬ 
nation. and a shinding wave will exist 
on the line. This .«<tHnding wave, how¬ 
ever, (hM*s not U|iset the validity of the 
Thev(‘niii-the<»rem apjiroach (tlu* use of 
efiuivalent source voltage and source 
imiMMlance). 

Line Matched at 
Generator End 

The .sfH’ond arrangement. dc»signate<i 
in Figui-e 2 as II, i.s probably the most 
gt*nerally u.seful .system. The generator 
imyKslance is made eciual to the char¬ 
acteristic impe<Iance of the line with the 
result that the .source at the end of the 
cable is the same as the generator exceyit- 
for a shift in pha.se of the voltage, that 
is, I /i, I = 1 ^>6* If = ^< 1 - That 

the source impedance is Zo can l»e rejid- 
ily .seen from the fact that the line is 
terminatiMl at tlu‘ generator <‘nd in its 
characteristic im]MMlance. To show that 
the magnitude of the o|)en-4*ircuit volt- 
ag(* at the end of the cable is e<|ual to 
I hlo |f <*ompare the power available at 
this point to the power available at the 
generator terminals. If there are no 
lo.s.ses in the line, the two available 
jiowem must be the same. It follows that 
the oj)en-cin*uit voltage at either yioint 
mast have the same magnitude, since 
the outjiut impedance is the .same, and 
the .same power is available. This volt¬ 
age can, of course, also be derived from 



Kiuitrk 3. Oiiinut inuNultinco of Tvi'K 8(t5-C 
Stnri(inrd-tSigtml (lemTalor jis a ftiiirUon «»f 
fnvjuenry. 


the .stamlard transmission-line equa- 
tioiLs. 

This arrangement luis a .source im- 
ptHlanctMind output voltage ind<*pendent 
of frecjuency, and it has the aclvantage 
over the previous aiTang(*ment that, for 
a given power supplied at the generator 
tennimils, appreciably more power is 
available at the output terminals than 
in the previous case. A di.siidvantagi* Is 
that it Is somewhat more diflicult to 
avoid a noticeable frequency ileyamdence 
of the ec|uivalent .source at high fre¬ 
quencies. 

It is inten*sting, although mit I's.sen- 
tial to the fort'going dlseu-ssion, to 
notice that unless the loati Is matclwMl 
to the line a markc'd standing wave will 
exist on the line. The oiieiwurcuit con- 
flition Is particularly interesting. Then 
the voltage at the end of the line re- 
maiiLs in magnitude always equal to the 
genenitor volbige but the voluvge 
at the input to the line varies from that 
value to practically zero as the fre(|uency 
increas(^s from very low fre(tuencu*s. The 
zero value of volbige iH’curs ffir fre- 
(piencies at which the tnmsmi.s.sion line 
is an o<Id multiple of a cpjarter wave¬ 
length. At frequencies higher than that 
for which the line is a cpiarter wave- 
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length long, in the open circuit condi¬ 
tion there will Ik; some iwint or points 
nlong the line at which the voltage will 
he practically zero. The actual value of 
this *^practicall 3 '-zero'^ voltage depends 
on the losses in the line and will be of 
the orrler of one-tenth to one-thousandth 
of the generator voltage. 

The length of line in these first two 
arrangements doe.s not affect the be¬ 
havior provided the impedance is prop¬ 
erly matched. There Is then no need for 
a cable that is permanently attached to 
the signal generator if the connectors 
and cables used form a uniform trans¬ 
mission line of the correct value of char- 
act-eristic impedance. At ultra-high fre¬ 
quencies and higher, uniformity is par¬ 
ticularly important. At these fretiuencics 
a .succession of even small discontinuities 
can cause a very serious degradation of 
the characteristics of a transmission 
system, and, therefore, connectors and 
cables specially designed for this fre¬ 
quency region should be used. 


Line Matched at Load End 


.\rrangement III is u.se<l in some sig¬ 
nal generators. The traasmis.sion line is 
terminated in its characteristic im¬ 
pedance when there is no load on the 
lino, but its characteristic impedance is 
not equal to the generator imi>edance. 
The no-load terminal voltage is given 
by the simple formula: 


I A’. I = 


^ u 




If the generator impedance i.s a ]jure 
resistance, the out})ut vtiltage is inde- 


I>cndent of frecjuency. The frequency 
(‘haracteristic of the source impedance 
is more complicated, but can l)e readily 
derived from the transmission line equa¬ 
tions. It can be expressed as 








1 -h j tan 



where / = length of transmission line 
X = wave-length of signal in 
transmission medium 


The source im|)e<iance varies with fre- 
fpiency as can l>e seen from this equa¬ 
tion. If the generator impedance is a 
pure resistance, the source impedance 
varies in magnitude as a function of fi-e- 
tiucncy between the extremes Z^Z^J 
(Zq -h Zo) (the parallel combination of 
Zo and Zq) when the cable is an integral 
multiple of a half wave-length long and 
Zi -(Za -h Zo) when the cable is an odd 
multiple of a quarter wave-length long. 
.\t these extremes the source imt>edance 
is a pure resistance, while at other fre- 
fpiencies there is a reactive component 
The maximum value of reactance <>ccurs 
when the cable is an odd multiple of an 
eighth wave-length long. For this con¬ 
dition the source impedance is 

Z = ~ ^ — ^o) 

* " 2 2(Zo + Za) ' 

Line Unmatched 

The next arrangement, IV, yields 
a source whose impedance and open- 
circuit voltages both vary with fre- 




FiorRE 4. Output imix?<liuicc and voltago of Type 605-B Standard-Signal Generator and Type 
774-R Cable as a function of frequency. 
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quency. The transmission-line equations 
show that the equivalent source for this 
line terminated only at the generator 
end in a resistance dilTerent from the 
characteristic impedance is 

ZoiZa jZo tan 


Zq -f jZa tan — 

•A 


t ) 



ZoE, 


oc.a 


(co8^)+jZo(8in^^ 


If the generator im|>edance is real, the 
source varies Ijetween the extremes 

z. = Za, I A’. 1 = I I 

when the transmission lino is a multiple 
of a half wave-length long, and 


Z. = f;\E.\ = p\E„\ 

Za Zq 

when the transmission line is an odd 
multiple of a c|uai-ter wave-length long. 
At these extremes the source im|>cdance 
is a pure resistance, while at other fre- 
(luencies there is a reactance component. 

This arrangement is the one that oc¬ 
curs when the Type 005-B Signal Gener¬ 
ator is used with a Type 774-R coaxial 
cable. The Type 005-B has a 10-ohin 
attenuator, and the cable impedance is 
72 ohms. Tlie measured results for the 
e^iuivalent source of this combination 
are shown in Figure 4. The imixKlance 
w'as measured by the Type 91G-A Radio- 
Frequency Bridge and the voltage w^as 
measured bj' comparing receiver re¬ 
sponse with and without the cable. As a 


Fiuuke 5. Summary of imnvdanco and voltage characteristics of the foiu- types of terminatioiw 
shown in Figure 2. The rolativo phase relationships of the voltages are not included, and it is 
assumed that is a pure resistance. 
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result of dejmi-tures from the idealized 
conditions of termination, tlie equiva¬ 
lent source impedance cannot in general 
be easily calculat-cnl. The actual value 
of source impedam^e can be most readily 
determined by direct measurenumt with 
a bridge, for examjde, the Type 91()-A 
Radio-Frec|uency Bridge. 


General Case 

The fifth arrangement, labeled in 
Figure 2 as V, is the general case with 
terminations at both ends. For this case 
the equivalent source is 

IZo(Zg + ^r) cas—^—f- 


7.1) 


and 


Zs 


jiZaZr + Zq) 


27r/ 

^0 “h jZa tan — 

1-^ + — 

Zo.. ^ , 27rr Zt 

Zq “b tan — 

A 


This case is included only to complete 
the record, since the previous ones are 
special (;ases of this general one. 

Summary 

In order to determine the voltage 
applie<l to a device from a signal gener¬ 
ator it is necassary to know the load 
impedance, the characteri.stics of the 
connecting cable, and the generator 
voltage and source imi)edanc<». The 
second and third can Ije combined to 
give an e(|uivalent source for the com¬ 
bination. C^ertain specific characteristics 
of generator and cable are to pre¬ 
ferred for this equivalent source, notably 
that in which the generator imi)edan(;e 
is equal to the characteiistic impedance 
of the cable. Measurements made with 
a radio-frequency bridge are the most 
reliable method of obtaining the nece.s- 
sary imi^edance values. 

— Arnold Peterson 
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